Two methods to detect the induction of nondisjunction with a diploid stable strain of A. nidulans are described. The first method gives only qualitative results, while the second method is quantitative and dose-effect curves can be done. Some physiological parameters affecting the induction ofnondisjunction can also be studied, because either quiescent or germinating conidia can be treated with the drug under test.
Introduction
Aspergillus nidulans is an ascomycete fungus widely exploited in genetic research. Its normal condition is haploid but diploid strains can be easily obtained (1) . The diploid strains are very stable; segregants can rarely occur by two processes; i.e., mitotic crossing over, which leads to recombinant diploid strains, and mitotic nondisjunction. This second process originates an unbalanced aneuploid which can evolve towards a balanced condition either diploid (with one or more chromosome in homozygosis) or haploid (2) .
Both processes of recombination are rare: the spontaneous frequency of crossing over in a region whose meiotic length is about 40 morgans is about 1 x 10-(3), while the spontaneous incidence of nondisjunction is about 0.5 x 10-3 per generation.
In the present paper we will describe the methods to test the rate ofnondisjunction, either spontaneous or induced, by use of diploid strains of Aspergillus nidulans, and the results obtained insofar will be summarized. We shall also discuss the possibility with these methods of knowing how a drug inducing nondisjunction acts at the cellular level.
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Experimental The Strain
The genetic map of the first chromosome of the strain P is shown in Figure 1 . The strain is also heterozygous for the markers S12; phen A2, meth GI; pyro A4; nicA2; lys B5; nicB8 on different linkage groups. Symbols are from Barrat et al. (4) .
The strain is green (light green because of the incomplete dominance of the y allele), prototrophic and sensitive to p-fluorophenylalanine because all the markers are recessive. With this strain the segregants, nondisjunctional in the first chromosome, must be yellow or dark green, depending which of the two chromosome is in homozygosis or in hemizygosis. The nondisjunctional yellow sectors should also require p-aminobenzoic acid and aneurine and will be p-fluorophenylalanine-resistant.
Because the first event in nondisjunction is the production of an unbalanced aneuploid, the stable colored nondisjunctional types, either diploid or haploid, will appear as sectors arising from a poorly growing nonsporulated or poorly sporulated colony. As shown by Kafer (2) , the balanced nondisjunctional types result, from successive events, automatically selected during the growth of the aneuploid which ultimately leads to the formation of the balanced form which is always a stable diploid or haploid. to which the drug to be tested has been added at increasing concentrations. The medium is poured in the dishes and incubated at 37°C. The effective dose (if any) is that which produces the maximum possible inhibition in the growth of the colonies. After 3-4 days, the colonies are transferred with a needle to dishes of complete medium and incubated for three to four additional days. The colonies are then inspected for the presence of yellow or dark green sectors (Fig. 2 ). Sectors will be further analyzed to test their nutritional requirements. Obviously the evidence of induction of nondisjunction is given by an excess of sectors over the control.
The technique is easy and extremely efficient (provided we have reached the maximum possible inhibitory dose); its defect is that it is impossible to obtain quantitative data. Actually we treat with the drug not a single cell but a whole population of cells of unknown size. It is therefore impossible to establish a really quantitative dose-effect curve.
A probably incomplete list of the compounds tested with this technique (or a very similar technique) in our and in other laboratories can be found in Tables 1 and 2 . Ethyl alcohol was first discovered to be a nondisjunctional agent by Harsany et al. (7) and their results were confirmed by us. The action of some other compounds is described elsewhere (5, 6) . The data from other laboratories derive from Kappas, Georgopulos and Hastie (8, 9 ). Very recently we tested one other polyene antibiotic, pymaricin, which efficiently induces nondisjunction. We tested also atrazine, with and without activation by plant 82 cells, with negative effect. We think that some discrepancies in the results between our data and those obtained by others is due to the fact that we use much more inhibitory doses.
Liquid Test. The liquid test can be used either on quiescent or on germinating conidia.
Quiescent conidia, 50,000 conidia/ml suspended in water, are treated with the drug under test at various concentrations for several time with shaking at 37°C (usually some hours but the time of the treatment depends on the toxicity of the drug). Conidia are then plated on the complete medium at the density of 10-15 conidia per dish and incubated at 37C. After two to three days the dishes are scored to detect the presence of the microcolonies. When present, these are transferred with a needle to other dishes in complete medium. This operation is necessary to avoid the overgrowth of the normal fast growing colonies on the slow growing microcolonies which are possibly aneuploid. After three more days the colonies are examined to detect the presence of large yellow or dark green sectors and their genetic constitution is analyzed.
Germinating conidia are incubated in liquid Czapek Dox minimal medium enriched with all the heterozygous requirements of the strain. The concentration of the conidia must be 50.000/ml or less. The minimal medium is also modified with agar added at the concentration of 0.2/1000 ml. The agarization should be done by melting an agarized medium (concentration 2/1000) and mixing it with the same liquid medium to the final proportion 1 genetic action with the physiological condition of the cell, thus permitting tentatively to identify the target of the drug in the induction of nondisjunction. The rationale of the system is the following. The two main targets in the induction of nondisjunction are evidently the DNA and the mitotic spindle. Drugs acting on DNA should be in most cases: (1) active on quiescent as well as on germinating conidia; (2) active in inducing point mutations and eventually crossing-over and gene conversion. On the contrary, drugs acting on the spindle or in general outside of DNA should be: (1) inactive on quiescent conidia; (2) inactive in inducing point mutation, crossing over, and gene conversion. Table 3 summarizes the results we have obtained following this line of research. The data clearly show that the classical mutagens directly alkylating DNA are positive in all tests while the drugs presumably not acting on DNA are active only in inducing nondisjunction in germinating conidia.
Actually it is known that Benomyl (11) and ethanol (7) interfere with the spindle fibers. It is also proba- 
Discussion
The data here reported show that induction of nondisjunction can be easily studied by using diploid strains of Aspergillus nidulans. The system that we have developed permits an efficient and quantitative analysis of the process.
The available data also suggest that a comparative analysis of all the induced genetic damage, i.e. nondisjunction, point mutation, and crossing over in quiescent and germinating conidia, can demonstrate whether the nondisjunctional agent works on the DNA or at the cytoplasmic level, possibly on the mitotic spindle.
The most important problems now necessary to be solved and of great relevance in the environmental mutagenesis are: the extrapolation to the superior organisms of the data obtained with Aspergillus and the investigation of the existence of a possible threshold in the induction of nondisjunction, either on the agents working on the spindle or on those working on DNA.
It is particularly difficult to obtain data on the first problem: in order to get a partial answer to the problem we are now planning to correlate the action of the agents inducing nondisjunction in Aspergillus nidulans, presumably working on the spindle with the block in metaphase on cultured cells of mammals.
We have also preliminary evidence that antibiotics like amphotericin B and pimarcin, acting on the membranes, can induce nondisjunction in Aspergillus; we are now planning to extend these data to other agents damaging the membrane function and to study if similar effects can be observed on the cells of higher organisms. These data are at variance with those of Georgopulos et al. (9) . The discrepancy is due to the fact that we use doses much more inhibitory than do these authors.
